Abstract: Asymmetric cost behavior or stickiness has drawn attention in recent years. Although studies have focused on the causes of and factors contributing to cost stickiness, few have investigated its economic consequences. This paper empirically examines how firms' asymmetric behavior influences their research and development (R&D) investment. Because cost stickiness increases innovation failure cost, we expect cost stickiness to reduce R&D expenditure. By using data from Chinese listed manufacturing firms between 2007 and 2015, we empirically test and confirm this hypothesis. On average, with one standard deviation added to the mean, R&D expenditure over total asset and that over total sales are reduced by 2.7% and 2.2%, respectively. Furthermore, the dampening effect of cost stickiness on R&D investment becomes more prominent with increasing risks faced by firms. Only SG&A cost stickiness exerts a dampening effect on R&D, whereas cost of goods sold (COGS) and total cost stickiness demonstrate no significant effects.
Introduction
Innovation is a source of long-term economic growth for a country [1] . During the current era of continuous economic downturn, countries worldwide are emphasizing the importance of innovation for economic growth. The importance of innovation lies in not only promoting the rate of economic growth but also improving the quality of economic growth, including reduction of energy consumption and alleviation of pollution [2] [3] [4] [5] . Sustainability is regarded as one of the key drives for innovation. Sustainability oriented firms are more likely to generate product and process innovations [6] . Many modern managers now believe sustainability is not a burden which fails to generate immediate financial gains but an opportunity to lower input cost, gain a competitive edge, raise status, and ultimately generate more revenue through superior product and services. Therefore, it is crucial to obtain a better understanding of how innovation is affected by firm level characteristics such as cost behaviors in order to strengthen the bond between sustainable development and innovation.
However, innovation is deemed high-risk economic activity. A high rate of failure indicates that firms tend to be cautious when it comes to investing in research and development (R&D). Company-specific characteristics and external environments also pose a major influence on firms' R&D strategies. For example, Wang et al. discovered that both policy and market uncertainties drastically hinder R&D investment [7] . However, policy uncertainties only affect politically connected firms, whereas market uncertainties affect nonpolitically connected firms. Han et al. suggested that compared with male CEOs, female CEOs considerably improve the incremental and radical innovation behavior of firms [8] . Gender culture has positively facilitated the correlation between CEO gender and corporate incremental innovation behavior. Zhou et al. stated that firms' corporate social responsibility is positively correlated with their investment in technological innovation [9] . However, this effect is strongly dependent on the environment in which the firms are located.
Innovation incurs R&D expenditure. The invested R&D expenditure becomes a sunk cost if innovation fails; this can severely burden the firm. In other words, the cost characteristics of firms are likely to affect their R&D behavior. Anderson et al. suggest that compared with change in sales [10] , firms' cost adjustment demonstrates asymmetric features. Costs increase more when sales increase than they fall when sales decrease by an equivalent amount; this phenomenon is called cost stickiness. Since the advent of the concept of cost stickiness, numerous studies have examined the causes of and factors contributing to cost stickiness. Other than Weiss [11] , Ciftci et al. [12] , Baumgarten et al. [13] , and Rouxelin et al. [14] , who have examined the effect of cost stickiness on analysts' forecasts, profitability, and unemployment rate, few authors have focused on the economic consequences of cost stickiness.
This paper expands the scope of the existing literature by investigating the effect of cost stickiness on R&D expenditure and by examining firms' innovation behavior from the perspective of asymmetric adjustment. On the basis of data from Chinese listed companies in the manufacturing sector between 2007 and 2015, three conclusions are drawn, as detailed in the following paragraphs.
First, firms with high cost stickiness are more cautious about R&D investment and spend less on R&D because it is much more difficult to reduce costs than to increase costs. On average, with one standard deviation added to the mean, R&D expenditure over total asset and that over total sales are reduced by 2.7% and 2.2%, respectively.
Second, the higher the risks encountered by firms, the more prominent the dampening effect of cost stickiness on R&D expenditure. Because innovation carries external risks, firms are more cautious regarding innovation and R&D [7] . Therefore, risks may aggravate the dampening effect of cost stickiness on R&D expenditure. To accommodate different types of risks, this paper examines the influence of macroeconomic, industry, and firm-level risks. The results demonstrate an enhanced dampening effect of cost stickiness, regardless of the risk category. Third, Weiss indicated that different types of cost stickiness exist [11] . Initially, Anderson et al. only focused on SG&A costs; subsequent studies extended this to cost of goods sold (COGS) and total cost stickiness [10] . The effects of different types of cost stickiness are likely to vary. On the basis of SG&A cost stickiness, this paper further investigates the effect of COGS and total cost stickiness on R&D expenditure. The results reveal that only SG&A cost stickiness exhibits a significant dampening effect on R&D expenditure, whereas the other two cost stickiness types demonstrate no significant effects.
The contribution of this paper to the existing literature is twofold. First, it extends the research on the economic consequences of cost stickiness. Studies examining the effect of cost stickiness on profitability [13, 15, 16] , analysts' forecasts [11, 12] , and unemployment [14] have only focused on cost and profit aspects, but very few have explored other key aspects of firm behavior. This paper examines the relationship between cost stickiness and innovation by integrating risks associated with innovation failure and sticky cost behavior, thus broadening the scope of research on the economic consequence of cost stickiness.
Second, this paper enriches the research on influential factors toward innovation. Innovation is essential in maintaining long-term competitiveness. Because of the risk of innovation failure, weighing the input and output of R&D is crucial. Firms potentially cut back on R&D expenditure with increasing risks [7] . At the same time, the risks associated with the irreversibility of input cost compels the firms to be more cautious about R&D investment [17] . Cost stickiness will aggravate such risks. The empirical results of this paper show that asymmetry of input cost inhibits R&D investment. Thus, our research not only extends existing literature on the effect of influential factors such as risks, the institution, and environment on firms' innovation [7, 18] , but also contributes to theories on the effect of firms' cost characteristics on investment [17] .
The remainder of this paper is structured as follows. The literature review and hypothesis development are presented in Section 2, research design is described in Section 3, empirical results are presented in Section 4, and finally, the conclusion is stated in Section 5.
Related Literature and Hypothesis Development

Sticky Cost
Traditional theories posit a linear cost-sales relationship. In other words, cost changes in response to change in sales; the extent of cost change is irrelevant to whether sales increase or decrease. Norren and Soderstrom [19] and Anderson et al. [10] have discovered that the rate of cost increase when sales increase is greater than the rate of cost reduction when sales decrease by an equivalent amount; this phenomenon is referred to as cost stickiness. Moreover, cost stickiness exists widely among the operating costs, total costs, and employee remuneration of different firms across different countries [20] .
Many theories explain the causes or origins of cost stickiness. Cost adjustment theory states that when sales decrease, managers make decisions by weighing up resource allocation costs and idle costs. If resource allocation costs surpass those of maintaining current status, the managers will not reallocate resources immediately, thus resulting in cost stickiness. Manager's expectation theory posits that if a manager is optimistic about future sales of products, the manager will retain idling assets to prevent resource allocation costs. By contrast, if the manager is pessimistic regarding future sales, the manager will cut back idling assets, thus resulting in anti-cost stickiness [10, 21] . Opportunism theory states that under a series of opportunistic motivations, such as initial public offerings, seasoned equity offerings, earnings management, and imperialism, managers are motivated to alter resource allocation and cost structures for their own interest, thus causing cost or anti-cost stickiness through asymmetric cost and sales adjustment. In addition to the aforementioned theories, other contributing factors affect cost stickiness, such as decline in earnings and managers' behavior of evading loss. Furthermore, uncertainties in demand increases cost stickiness [22] , and firms operating under sufficient capacity utilization demonstrate higher cost stickiness, whereas firms with excess capacity utilization demonstrate low cost stickiness [23] .
Cost stickiness may also be affected by macro-economic factors. Ibrahim's study based on data of Egyptian firms reveals that SG&A costs show a stickiness quality during periods of prosperity and an anti-stickiness quality during periods of recession [24] . In fact, this is consistent with manager's expectation theory. During periods of prosperity, managers are likely to be optimistic about the future, thus resulting in cost stickiness. On the contrary, pessimistic expectations during recession result in a reduction in cost stickiness, even anti-cost stickiness. Uncertainties about the macro-economic environment also affect cost stickiness. For example, Lee et al. discovered that firms' asymmetric cost behaviors are stronger during election years when policy-related uncertainties are higher compared to non-election years [25] .
Compared with the abundance of research on the causes of cost stickiness, few studies have examined its economic consequences. Weiss revealed that analysts' earnings forecasts are more accurate with less sticky cost behavior [11] . Additionally, analysts' coverage priorities and investors' beliefs regarding the value of firms are affected by cost stickiness. Ciftci et al. suggested that errors in earnings forecasts are the result of analysts converging to average behavior in recognizing cost stickiness and cost variability [12] . Rouxelin et al. stated that firms with higher sticky cost behavior demonstrate significantly lower unemployment rates in the current and subsequent quarter [14] . Homburg et al. discovered that the rise in firms' cost stickiness is accompanied by increasing credit risks [26] . Specifically, firms' credit default swap spreads can increase significantly. With the advent and development of methods to quantify sticky cost behavior [11] , research on the economic consequences of cost stickiness can be expanded, thus improving understanding of firms' complex cost behavior.
Innovation and Risks
Innovation is essential for long-term regional economic development. However, unlike regular or conventional investment, firms encounter greater risks of failure because innovation is largely unpredictable [27] . Therefore, the magnitude of risks faced by innovating firms and their risk-taking abilities are keys to innovation.
Real options theory posits that current investment in irreversible capital may be reduced by uncertainty through the mechanism of increasing the value of information obtained by waiting [28] [29] [30] [31] . On the basis of real options theory, Czarnitzki and Toole suggested that firms' R&D investments decline in response to elevating market uncertainties [32] . Wang et al. discovered that R&D investment is adversely affected by policy and market uncertainties [7] . However, these uncertainties only show a clear impact on their corresponding firms; in other words, policy uncertainties exert a considerable effect on politically connected firms, whereas market uncertainties affect nonpolitically connected firms.
Miller et al. suggested that firms are required to have high risk-taking abilities to support continuous product innovation [33] . Covin and Slsvin suggested that managers' higher willingness to take risks is associated with innovation [34] . Specifically, the more radical their behavior is, the more supportive they are of innovation. Brown and Osborne also indicated that innovation is closely related to active risk-taking behavior from the perspective of public service research [35] . Therefore, existing studies have confirmed the concept that firms' motivation decreases with increasing risk and that higher risk-taking ability is associated with innovation.
Hypothesis Development
The research on firms' R&D investment is mainly built on real options theory. A key problem with option pricing is uncertainty. That is, holding options tend to yield uncertain interest. However, real options differ from financial options in terms of investment cost. The cost of financial options is a one-off premium, whereas real options often require continuous investment, which escalates uncertainty. Pindyck indicated that under a ceteris paribus assumption, an increase in fluctuations of cost input exposes firms to greater risks, which subsequently reduces R&D investment [17] .
Compared with symmetric cost-input fluctuations, the key characteristic of cost stickiness is asymmetry, which presents in the form of greater difficulties experienced by firms when they negatively adjust costs in contrast to when they positively adjust costs. The direct consequence of asymmetry is the increasing risks encountered by firms. Weiss discovered that firms with high cost stickiness cannot cut expenditure in time when faced with sales fluctuations because of demand changes [11] . This subsequently leads to volatile earnings, which can result in inaccuracies in analysts' forecasts. Homburg et al. stated that from the perspective of investors, cost stickiness significantly elevates the credit default swap spreads of firms, thus increasing the credit risks [26] .
Therefore, fluctuations in cost input increase firms' investment risks, and cost stickiness further aggravates the asymmetry of cost adjustment, which makes it difficult for firms to reduce losses in adverse environments. Hence, firms with high cost stickiness are more cautious about R&D investment. These firms are likely to cut back R&D investment, which results in a decline in the current-period R&D expenditure. Accordingly, we state our first hypothesis: Hypothesis 1. An increase in cost stickiness has a negative effect on corporate R&D investment.
Firms must consider various types of risks in decision making. Studies have shown that firms tend to postpone investment in response to increasing risks. This effect exists equally for macroeconomic, policy, market, and operating risks [29, 36, 37] . One major feature of risks is the multi-period overlapping effect. Specifically, although a firm that is reducing its R&D expenditure because of sticky cost behavior is exposed to various types of risks, the dampening effect on R&D may be aggravated. Hypotheses 2, 3, and 4 cover the risk-related portion of our research.
Hypothesis 2.
The negative effects of cost stickiness on corporate R&D investment are more prominent for firms facing higher macro level risks than for other firms.
Hypothesis 3. The negative effects of cost stickiness on corporate R&D investment are more prominent for firms facing higher industry-level risks than for other firms.
Hypothesis 4.
The negative effects of cost stickiness on corporate R&D investment are more prominent for firms facing higher firm-level risks than for other firms.
Research Design
Data and Sample Selection
Considering that China implemented new accounting standards on 1 January 2007, this paper selects data from listed manufacturing companies in the Shanghai and Shenzhen A-share market between 2007 and 2015 as samples of interest. The manufacturing sector is relatively stable and firms demonstrate genuine demand in R&D. Subindustries within the manufacturing sector exhibit comparability. Relevant studies, such as those by Wang and Liu et al., have also been based on manufacturing sector data [38, 39] .
On the basis of previous research, we apply the following treatment to the data: eliminating samples with total liabilities greater than total assets, eliminating samples with negative revenue or negative total assets, and eliminating samples with missing key explanatory variables. The treated samples contain 4470 annual firm-level observations. Table 1 
Models
The following model is constructed to investigate the influence of cost stickiness on firms' R&D investment:
The dependent variable is firms' R&D investment. The new accounting standards issued in 2007 state that firms must disclose R&D investment in accounting reports; this requirement thus constitutes an essential reason for us to select samples after 2007. On the basis of the results of Wang et al. [7] , we use total R&D expenditure divided by total assets (RD1) and total R&D expenditure divided by total sales (RD2) as the dependent variables.
Being a key indicator of interest in this paper, cost stickiness is the explanatory variable. Cost stickiness generally refers to a phenomenon in which costs increase more when sales increase than they decrease when sales decrease by an equivalent amount. Since Anderson et al. proposed the idea of cost stickiness, studies have mainly discussed the cause of or factors contributing to sticky costs [10] . Few studies have focused on the economic consequences of cost stickiness [11, 12, 26] . The reason is that in addition to the perspectives of investigation, accurately quantifying cost stickiness empirically is extremely difficult. Some studies have estimated cost stickiness by constructing timeand industry-level regression models. However, such methods sacrifice the time-and industry-level variations and thus hinder its validity in predicting economic consequences. Weiss proposed a new method of estimating cost stickiness, which involves taking the cost and sales changes in the last four quarters to calculate a firm's current cost stickiness [11] . This method has been widely adopted by subsequent studies as follows:
where T(−) and T(+) denote the most recent quarters that the firm recorded a sales decrease and increase, respectively; ∆SG&A the difference between the SG&A expenses in year t and those in the previous year; and ∆Sale the difference between sales revenue in year t and that of the previous year. In addition, referring to Weiss [11] , we set the assessment period for the past 2 years for robustness checks: T(−), T(+) ∈ {t, . . . , t − 7}. On the basis of the results of Weiss [11] , Wang [38] , Liu et al. [39] , and Wang et al. [7] , we introduce the following control variables into our model: leverage (Lev) is firms' financing structure, total liability over total assets; market-to-book ratio (MB) is firms' growth prospects, market value over net assets; age (Listage) is firms' maturity, natural logarithm of firms' listing age; TOP1 is shareholding and ownership characteristics, holding ratio of the largest shareholder; (ROA) is profitability, net profit over total assets; tangible asset (Tang) is mortgage and financing ability, fixed assets over total assets; and size (Size) is firm size, natural logarithm of total assets on book. In addition, industry and year fixed effect is introduced. We construct the following models to test our hypotheses: 
We define interaction terms to investigate the effect of risk on the influences exerted by cost stickiness on R&D expenditure. Real GDP growth rate is used to represent macroeconomic risk; a lower rate indicates a higher risk. The rapid growth of China has slowed since the 2008 global financial crisis. The slowing trend has become more prominent since 2012. Therefore, real GDP growth rate is adequate for reflecting macroeconomic risks encountered by firms during our sample period. Risks at the industry level are represented by leverage; a higher leverage indicates more severe debt repayment pressure, and a higher leverage ratio indicates a higher risk. The leverage of Chinese firms has increased considerably in recent years. Thus, leverage is considered a good measure of risks at the industry level. Finally, stock price is a crucial indicator of individual firm performance. Therefore, we take stock price volatility as a measure of risks encountered by a firm itself. A firm's stock prices are strongly correlated with stock market performance. Thus, we adopt the method of Callen and Fang and Kim et al. in stock price crash analysis [40, 41] , which involves computing a regression of annual weekly returns of stock i and market average weekly returns to obtain the firm-specific weekly return rate of listed companies free from influences by market factors.
where r i,t is the return on reinvestment of stock i in week t, with cash dividend being considered; r m,t the average return rate calculated through weighted average by circulating the market value of A-share in week t; and ε the return on stocks not explained by the market. We define w i,t = ln(1 + ε i,t ) as the firm-specific weekly return rate of listed companies and its standard deviation as the indicator of firm-level risks. A higher value inherently signifies greater risks. Table 2 presents summary statistics for relevant variables. The mean ratios of R&D expenditure for total assets and total sales are 1.99% and 3.62%, respectively. These results are quite close to those of Wang et al. [7] . The mean value of CostSticky is 0.0449, indicating that sample firms exhibit cost stickiness, which is consistent with the results of Weiss [11] . Regarding the control variables, the mean value of Lev is 0.4137, which is similar to that reported by Wang et al. [7] but considerably lower than that found by Anton's [42] study, which was based on firms in emerging European markets. Two reasons possibly underlie this inconsistency. First, the Chinese corporate bond market is less developed, and the proportion of firms financing through direct issuance of bonds is also lower, which thereby reduces leverage. Second, our sample does not include the real estate industry, which tends to have high leverage; this causes a decrease in leverage in the summary statistics. The mean market-to-book ratio is 2.9510, indicating good growth prospects. This is consistent with findings from European markets [42] . The average ROA is 0.0473, with more than 75% of firms presenting values >0, which demonstrates overall good performance. This is also in line with the findings of Wang et al. [7] . The definitions of the variables are shown in detail in Table 3 . Table 4 presents the results of the correlation analysis of the main variables. The correlation coefficient of the two R&D indicators RD1 and RD2 is 0.6497, which is consistent with expected outcome. The correlation coefficient between the CostSticky and R&D variables is negative, which is consistent with our hypotheses. Regarding the control variables, Lev, Listage, and Size demonstrate negative correlations with the R&D variables, whereas MB and ROA exhibit positive correlations with the R&D variables. These findings signify that smaller, profitable, and growing firms tend to invest more in R&D, which is consistent with the literature. Holding ratio of the largest shareholder ROA Return on asset, net profit/total asset Tang Tangible asset ratio, fixed asset/total asset Size Firm size, natural logarithm of total asset in book Table 3 . The boldfaced numbers denote statistical significance below 10%. Table 5 presents the results obtained from testing Hypothesis 1, which is the effect of cost stickiness on R&D expenditure. The coefficients between cost stickiness and R&D are negative and significant (β = −0.0004, p < 0.01 and β = −0.0006, p < 0.05, respectively). Regarding value, with each standard deviation increase from the mean cost stickiness, R&D expenditure over total asset and that over total sales are reduced by 2.7% and 2.2%, respectively. These results support Hypothesis 1: increasing cost stickiness significantly reduces firms' expenditure on R&D. Regarding the control variables, Lev, and Listage show a significant negative relationship with R&D expenditure, whereas MB is positively correlated with R&D. The results are generally consistent with expectations and the literature [7, 18] . Note: This table reports the impact of cost stickiness on R&D expenditure. All models are based on Equation (1). The definitions of the variables are shown in detail in Table 3 . The standard errors are clustered by industry and year and reported in the parenthesis. *, **, *** denote statistical significance at 10%, 5%, and 1%, respectively.
Summary Statistics and Analysis
Empirical Results
Effect of Cost Stickiness on R&D Expenditure
Robustness Check
Determining the level of R&D investment is considered a strategic decision of firms. Once R&D fails, investment is turned into a sunk cost. Although we focus more on the influence of cost stickiness on R&D investment based on real options theory, R&D investment may in turn affect firms' cost behavior. Therefore, an endogeneity problem, specifically reverse causality, may exist in the analysis. Arellano and Bond proposed that the lag level and lag difference of endogenous variables can be used as instrument variables (i.e., for system generalized method of moments (GMM) estimation) [43] . By using this method, we re-estimate Model 1, and the results are presented in Table 6 : the coefficient for cost stickiness and R&D investment remains negative and significant. Therefore, the conclusion of this paper holds, even after the consideration of an endogeneity problem engendered by reverse causality.
Firms adopt different strategies at different stages of their life cycles; naturally, firms' choice of R&D may also be affected. Because firms demonstrate greater uncertainties in their early stages, we treat the samples further by eliminating observations with a listing duration of less than five years. Observations with 10 or fewer employees are also excluded from the samples to eliminate overly small firms. Model 1 is re-estimated using the treated sample, and Table 7 presents the results. The coefficient for cost stickiness on R&D investment is negative and significant, indicating the robustness of our analysis.
In addition to the aforementioned tests, we conducted the following analyses to check for the robustness of our empirical results. (1) Lagged variable analysis: we re-perform the analysis with lagged control variables by considering interference with the current-period control variables. (2) Fixed effect model: considering the unobservable firm-level factors, we re-perform the analysis by controlling individual fixed effects through a fixed effect model. (3) Adjusting R&D indicators: because discrepancies may exist among industries in terms of R&D expenditure, we re-perform the analysis after median-adjustment treatment on the dependent variable. (4) Altering cost stickiness indicator: On the basis of the results of Weiss [11] , data from the past two years or eight quarters are used to compute cost stickiness and to reexamine the empirical analysis. Table 8 presents the results for these robustness checks. The coefficients for CostSticky remain negative and significant, which further affirm our research's robustness and validity. Note: This table reports the impact of cost stickiness on R&D expenditure. All models are based on Equation (1). The definitions of the variables are shown in detail in Table 3 . The standard errors are clustered by industry and year and reported in the parenthesis. *, **, *** denote statistical significance at 10%, 5%, and 1%, respectively. Note: This table reports the impact of cost stickiness on R&D expenditure. All models are based on Equation (1). The definitions of the variables are shown in detail in Table 3 . The standard errors are clustered by industry and year and reported in the parenthesis. *, **, *** denote statistical significance at 10%, 5%, and 1%, respectively. Note: This table reports the robustness check of impact of cost stickiness on R&D expenditure. All models are based on Equation (1) . The definitions of the variables are shown in detail in Table 3 . The standard errors are clustered by industry and year and reported in the parenthesis. *, **, *** denote statistical significance at 10%, 5%, and 1%, respectively.
Additional Test
Columns 1 and 2 of Table 9 present the moderating effect of macroeconomic risks. The interaction coefficient of cost stickiness and real GDP growth is significantly positive. Thus, as economic growth slows down with increasing macroeconomic risks, the dampening effect of cost stickiness on R&D becomes more prominent. This is consistent with Hypothesis 2. Columns 3 and 4 of Table 6 report the effect of industrial risks. The interaction coefficient of cost stickiness and industrial leverage is negative and significant. This shows that as leverage or industrial risk increases, the dampening effect of cost stickiness on R&D becomes more prominent. This is consistent with Hypothesis 3. (2) and (3). The definitions of the variables are shown in detail in Table 3 . The standard errors are clustered by industry and year and reported in the parenthesis. **, *** denote statistical significance at 5%, and 1%, respectively. Table 10 reports the moderating effect of firm-level risks. Columns 1 and 2 of Table 10 present a negative and significant relationship between cost stickiness and stock price volatility, indicating that as stock price fluctuations increase along with higher risks, the dampening effect of cost stickiness on R&D becomes more prominent. Firm-level risks may be caused by unobservable variations of individual firms. To account for this issue, we take the first difference of stock price volatility as a proxy variable for risk. Columns 3 and 4 of Table 10 present the results. The coefficient of interaction remains negative and significant, supporting Hypothesis 4. Note: This table reports the moderating effect of firm level risks. All models are based on Equation (4). The definitions of the variables are shown in detail in Table 3 . The standard errors are clustered by industry and year and reported in the parenthesis. *, **, *** denote statistical significance at 10%, 5%, and 1%, respectively.
Comparisons with Other Types of Cost Stickiness
Weiss [11] examined the influence of three types of cost stickiness, namely SG&A, COGS, and total cost stickiness, on analysts' earnings forecasts, and they suggested that only SG&A and total cost stickiness amplified forecast bias. This shows that different measures of cost stickiness may have different impacts on firms' behavior. Because R&D expenditure is listed under managing costs in financial statements in China, SG&A should theoretically have the most direct influence on R&D expenditure. This is also what the empirical part of this paper examines. For completeness, we also examine the effect of COGS and total cost stickiness on R&D expenditure. The method of computing relevant indicators is similar to SG&A. The results are provided in Table 11 . The coefficients for COGS and total cost stickiness are nonsignificant, indicating that different types of cost stickiness indeed have different effects and R&D behavior is only responsive to SG&A. Table 3 . The standard errors are clustered by industry and year and reported in the parenthesis.
Conclusions
Innovation is crucial to a country's long-term economic development. Because of high failure rates associated with innovation, firms must tread lightly to balance certain costs and uncertain future gains. Such technique is almost artisan.
Real options theory states that risks cause firms to postpone their investment and reduce R&D expenditure. Building on studies confirming the effects of macroeconomic, policy, and firm-level risks on decision making, we examine the influences of sticky cost behavior on R&D development. Cost stickiness amplifies the risks firms encounter when they face difficulties in reducing costs in response to a decrease in demand. Therefore, firms become more cautious about investing in R&D. Our empirical results reveal that on average, with one standard deviation added to the mean, Chinese listed firms' R&D expenditure over total asset and that over total sales are reduced by 2.7% and 2.2%, respectively. The dampening effect of cost stickiness is simultaneously aggravated with increasing macroeconomic, industry, and firm-level risks, as a result of the risk overlapping effect.
On the basis of data from Chinese listed manufacturing firms, this paper expands the research on firms' innovation from the perspective of firms' cost behavior. Notably, the cost behavior of firms is affected by the institutional environment in which they are located. For example, in the 2008 version of the Labor Law of the People's Republic of China, the minimum wage clause has clearly increased the cost stickiness of firms. This paper focuses only on Chinese firms, and factors such as law, political, and institutional environment at the national level may be neglected. However, this limits the generalization of our conclusion to some extent. Thus, a future analysis encompassing samples and institutional factors at a transnational level may further enrich and expand the findings of this research. 
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